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The objective ofthis study is to address the importance of vegetation structure and prey abundance QLI 

seledian of foraSing habitat by northern goshawks m ponderosa pine fonsts. Thus we an 
investigating habitat selection within the home range, rather than how home ranges am located in a 
larger landscape. Our metbods were to: (1) Obtain accurate e 25 m) radio-lodm on foraging 
adult breeding goshawks on the Coconino N a t i d  Forest, and use these l d a n s  as cmten of Used 
Plats; (2) Index p n j  abundance aid measure vegetaticmhbitat parameters at each Used Plot; (3) 
Contrast these data with similar data obtained at nearby paired plats with no w i k c e  ofgosbawk use. 

Summary of Progress on field Work 
Month whatwedid. 
Jun 1994 l.mcreasedaerialtelemetryt02 * 

2. captursd and radio-tagged 9 ad=* (4 male,, ‘5 fanale), bringing mal 
sample ofradietagged adults to 16 birds. 
3. Validated our trackkcstation index for sciurids at 15 plots. 
1. maintabed aerial telemGtry at 2 fli&ttsh& 
2. used ground telemetry to obtam precise foraging locations of adult goshawks for 
use as center points of Used Plots. 
3. measured vegetation characteristics at fodging locations (“Used PI-”) and at 
paired locatians (“Contrast Plots”). We sampled 53 pairs of plats, m addiitian to 14 
plats h r n  the 1993 seascm. We obtained 22 pain of plots for each of 16 goshawks 
(6 M, 10 F). 
4. indexed density ofdominant prey species an dgse same pairs of plats. Prey 
surveys were done withb 1 week ofidentifjhg an area as a foraging site, d y  
the next day. A tutal of 64 pairs of plots were sampled. We obtamd 22 pairs of 
plats for kach of 14 gashawas (SM, 9F). 
1. Cwtinued aerial telemetry at 1 flight per 4. 

Jul-Aug 1994 

Stp 1994 

Planned Acthitie: 
oct 94- Mar 95 
Dcc 94-Feb 95 

1. Continue aerial telemetry at 1 flight per week 
1. Using snowmobiles as necessary, obtam precise walk-in locations on fora& 
goshawks during winter. 
2. Sample vegetation and prey at paired plats, following same procedures as during 
JuI-AQ 1994. 

FIELD METHODS 

Teams of 2 trackers, mamtaining radio contact with each other, followed individual birds until the bird 
seemed to be foraghg in 1 general area for at least 30 minutes, based on observed alternation between 
short (< 3 minutes) bursts of fast pulse rate (presumably flying) and moderately brief (e 10 minutes) 



periods of slow pulse rate (presumably scanning for prey). Then bath trackers approached to withia 
about 100 rn of the bird; at this distance there is virtually no signal "bounce" and birds rareb mow m 
response to ow activities. Tben the observers walked m slowly, keeping exactly to their b e a d ,  
scanning the area in front of them fix a perched or flushing bird. Either the obsetved Bushmg per& or 
the interseaion of the 2 bearing ha was flagged. Ifthe p a d  lengths of the bearing lines exceeded 
15Om and the goshawks was not observed, then the attempt was abandoned without further disturbing 
the bird that day. b  OW^ 75% of the cases, we observed the radio4agged goshaw or found soshavpk 
fathers or prey remains at the point where the bearings interseaed. 

The radiwtracldng team thea flagged out Used Plot cmtered an the bird location, and hnmdately 
selected i d  flagged a Contrast Plat, centered on the nearest forested I d a  >300 m fron~ any d e r  
l&cmfordmtg&wk. 

Prey abundance was mdexed on the Used and Contrast Plots. Prey assessmezrts were usually an the 
5rs& day a h  the goshawk l d o n  was obtamd, but Occasicmally up to 4 days lates, so tibat we 
sampled the same prey populatian that was aMilable to the gosbawic. A Used Plot md its p a i d  
Contrast Plat were always sampled on the same day. Abundance ofavian prey was hdexed using 
standard point COLmts at plot (Ralph et al1992). Each pld was observed for a lO-minrztS 
peridwithin 1 hour after stmrke, and a secund 1O-miuuteperiodwithip 2 hours b e b e  sun&, 
counting all birds beard or =within SO m ofthe plot cmter. 

We grouped the tallies of avian prey into 3 size classes for d@, based on published body mass, 
Large birds (75-145 9) mcluW. Amen- robin, St&r jay, northern flick, Lewis woodpscker, 
mouming dove, and c)ark nutcracker. Medium bircls (3062 g) included hairy wodpechr* hermit 
thrush, bluebirds, and e+ grosbeak, and small birds (12-21 g) included house fioch, pmc siskin, 
sparrows, most flycatchers, nuthatches, and dark-eyed junco. 

Abundance of s c i u d ~  was mdexed by counting the number of visits to 100 track Stations placed 011 a 
100x100 station grid with 1 5 4  spacmg (i.e., 2.25 ha), centered 00 the pld W. Ea& statim was a 
4x5xlO-hCh box, opea at each end, baited with peanut butter and oats. A 4x10" &Ikd aluminum 
phte was e l e d  by Velcro attachments just above the floor, and thus track plates were protected 
fr~m rain, wind, and flooding. StatiouS were set out immediatey a%er tbe point cormts for avian prey, 
and were picked up 1 hour before sunset, at which time all tracks were recorded to genus. Although 
lagomorphs-are impartant pny for goshawks, we were unable to assess their abundance. For aaaiysis, 
we.grcqd squirrels into large squirrels (Abert's and rock), medium squirrels (goldea-mantted and 
red), and chipmunks (grey-necked and cliff). 

Although we could have increased the number of tracks deteeted by m i n g  track plats h r  > 1 day 
and by pre-baiting, we chose not to do So for 2 reasons: (1) The higher count may not be a W.tx index 
ofaniraal numbers available to the goshawk, but may reflea animals dram to the bait h autside 
the plot. (2) Increasing the days of mammal sampling from 1 to 2 would cut m halfthe number of 
plots or buds that we can sample. In general it is better 'to increase sampling at hi@er levels (Le., 
more plats and more birds) than to increase within-site sampling (Link et al. 1994, Ecology 75: 1097- 
1 108; also see my analyses below). 

Duringthe last 2 weeks of June 1994, we obtained live-trappmg estimates of mammalian prey m 15 
plats for the 3 days jmtnediately after each plot was sampled with the track stations. We used 
product-mom- correlation mfficients to quantify the correlation between track numbers and animal 
numbers for each sciurid species. 



Table 1. Abundance of prey on 56 Used Plots (used by adult goshawks during JUn-Aug) and 56 
paired ConitSSiT&, averaged across those 14 adult goshawks (9F, 5M) for which at least 2 pairs 
of plots were sampled. Significance level (P) is that of a 2-tailed t-test (13 d.f.) of the null 
hypothesis that the true mean difference is zem. 
Prey Group Used Plots Contrast Plots Difference P 

Mean (SD). Mean (SD) if,* 0.1 
Abett's and rock squirrels 0.82 (2.1) , 0.60 (1.1) * O Z  
Golden-mantled and red squirrels 2.14 (2.0) 3.49 (3.6) . -1 -35 
Chipmunks 2.92 (2.81 2.4Q (1.8) +a44 ~ 

Large birds 0.84 (0.9) 0.77 (0.78) -0.07 
Medium birds 1.01 (0.8) 2.30 (2.12) -1 2 9  0.03 
Small birds 6.85 (3.5) 8.63 (3.1) -1.78 0.07 

Vegetation was sampled on 1.774~ (75-m radius) plats, using the same plot 

within which we measured tree heights, canopy heights, tree diameters, canopy closure 

.shrub; r e  so&-&, downed wood, etc.), and shrub-sapling numbers. We talliad all large c> i2' 
dbh) and small snags, and all large logs e12 inches in diameter st midpohrt a d  1 8  M la@ and 
small logs (6-12" m diameter at midpht and > 4 ft Img; or >12" diam and 4-84 1- an 14% ofthe 

as for the prey 
sutveys. Each SUFh plat was systematically sampled with strip pi- that coverd 5% ofthe 

intercept at 91 phts), ground cover (by pint interceps taxlying each of 91 points as 

Plat. 

We also recorded 3 phyiographic parameters at each Used and Ccmtrast Plat. They were: slope (%), 
aspect (the nearest ofthe S standard r;ompass directions), and topographic pos~m (fiat, midslope, 
ridge, or drainage). 

For each pair of Used and Contra plats, we computed the diflerence in prey abundance indices and 
w@ation parametws. This approach reduced problems that arise due to s e a s d  chaages m indices 
of prey abundance. The man of the dEertaces also has a much smaller standard error than the 
difEmcc of the means, and is thus advantageous for statistical testing. We thea computd an average 
&ruxe for each l d t  for each radio-tagged goshawk. We used+pairedaqarisons 1- to 
whether the mean d8erence across birds was S r m t  from m. 

RESULTS 

l l e  results herein are tentative and subject to further analpis. 

Track Stations as an Index of Sciurid.,Abundance 

Track station Visitation rates were highly correlated with the number of animals live trapped on the 15 
plots that were double-sampled in June 1994, The correlations (r2) were 0.71 fix goldenmantled 
squirrels, 0.79 for chlprnunks, and 0.76 for rock squirrels (Figure 1). Mostglat,s_had zero.e&s -and 
zero captures .- of Abed squirrels and red squirrels, so no meaningful analysis was possible tor these 
Wia. 

Prey Abundanct 
Prey abundance did not seem important in selection of foraging areas by goshawks. The only 
statistically signikmt trends were that there werefaver small and medium-sized birds on Used PI& 



cornpared to Contrast Plots (Table 1, Figure 4). These 2 differences may have no ecoIo&al 
significance because smll and medium-sized birds are not important goshawk prey. The only real 
value o f t h i s  result is to show that our field and analytic methods are powerful enough to desect 
&mces ifthey are pres-. 

Large birds, and sciurids of ail sizes, did not dif€er in abundance between used and cantrast plats. We 
used our data to estimate the sample size (number of radio-tagged goshawks) tbat would be required to 
deted a siflcant (P 0.05) dBerence in prey abundance for each ofthe remainiUg 4 prey 
categories. This analysis suggests we would need a sample of 130 radio-tagged birds to canclude that 
goshawb were seledng sites bigher in abundance of obipmuuks. We would need much larger 
samples fbr large avian prey and the d e r  2 squirrel groups. We conclude that it would be fittiie ta 
gather more breeding-season data using this sampling scheme. 

This result does NOT mean that "prey abundance in not important h goshawk ecology." For 
instance, goshawks may h o s e  to nest d y  m habitats that haw *'mot@" prey. Our study d y  
shows that in selecting s h  within a home range, goshawks apparartly did nat pay mu& zmdm to 
prey density. Research QL a landscape scale may well demonstrate that territory size, Papulatiaa 
density, and breeding success vary with prey deasity. 

Physiographic CharactuisticS 

There was no diEkrencc between Used Plots and Contrast Plots m percent slope, aspad, or 
topographic psitian. Far instance, the mean slope an Used Plots was 7.4% (SD = 7.5%) compared to 
6.3% (SD = 5.1%) on the Cantrast PI-. 

Vegetation Characteristics 

The most striking iiuding was that Used Plats showed enormous  riat ti an in vegetation structure. 
Goshawks used shes ran&& from doghairthickets to widelyspaced stands oflarge trees. L$enns 
distribution of tree diameters (Figure 2, top), tree density (Figure 2, middle) and canopy closure 
(Figure 2, bottom), the range of sites used by goshawks was impressively broad, and comparable to 
the range found in Contrast Plats. 

Despite the wide =riation m vegetation structure among Used Plots, the Used Plots did differ h t n  
+Contrast Plots in several Vegetatiw chamtenstics (Table 2). Used plots had more trees 0veraI.l (a tree 
was defined as > 4" dbh), mare trees m the 8- 16" dbh and > 16" dbh size classes, and more trees > 18m 
tall. Used plm'had greater canopy closure as well. Although for most parameters the mean 
diffeteoce was small (e.g., ';anopy closure averaged 48% oa Used Plots and 43% on Contrast Plots), 
the e r e m e  was so wsistent across birds (Figure 3) that they were statistically sipifiearrt. 

We used our data to estimate the sample size (number of radiegged goshawks) that would be 
required to detect a sigruficant (P < 0.05) difference in the 12 charadedcs that showed no 
si&- differaxe so far. Although 22 goshawks might be sufficient to detect a diEermce m the 
number of trees 12-1 8m tall, we would need samples of >33 goshawks to detect sigo.Scant diEerences 
in other characteristics. We conclude that little if anything would be gained from gathering more 
breeding-season data using this sampling scheme. 



Table 2. Vegetation charadenstics on 63 Used Plots (used by adult goshawks during Jun-Aug) and 
63 paired Contrast Plots, averaged across those 16 adult goshawks (1OF. 6M) for which at least 2 
pairs of plots were sampled. Significance level (P) is that of a 2-tailed t-test (15 d.f.) of the null 
hypothesis that the true mean difference is zero. 

VEGETATION CHAIuCTzRImc MEXN 
% ~ d c w c r  

grassts and forbs 9.93 

d o w a c d d o r s t u m p  2.78 

bart ground including roads 14.66 
litter 66.07 

tack - 5.82 
number of s h b 5  in plane of tapt 36.1 
o/o canow Closure 43.1 
Lmge snags ou 0.25-ha plot 0.83 

5.1 

6.7 

Small snags an 0.25-ha plat 
Large lop on 0.25-haplot 4.7 

478 

Small logs on 0.25-ba plot 

twal trtes 0 4" dbh) 
0-8"dbh 658 
8-16" dbh 213 
>le dbh 30.4 
Odmtall 390 
6-12m tall 300 
12-13 m tall 142 
>18 mtall 30 

SD 

7.96 
6.14 
10.03 
1.74 
3.05 
34.8 
8.4 
0.52 
6.1 
2.2 
3 .O 

188 
453 
60 
17.3 
253 
-199 
67 
27 

MErw 

9.75 
12.22 
68.5 1 
3.06 
4.74 
39.3 
48.3 
1.09 
7,4 
4.4 
7.7 

614 
76 1 
259 
51.6 
438 
400 
167 
63 

- 

SD 

8.68 
5.12 
11.97 
1.98 
2.59 
42.4 

0.97 
14.9 
2.1 
4.2 

270 
540 
82 
25.6 
248 
399 
59 
78 

- 11.0 

- 0.2 - 2.4 0.0% 
+ 2.5 
+ 0.3 

, - 1.1 0.085 
+ 3.2 
-+ 5.3 0.006 
+ 0.3 
+ 2.4 - 0.3 
+ 1.1 

+136 
+lo3 
+46 
+ 21 
+48 
+lo0 
+ 2s 
f 33 0.069 

- 

0.008 

0.039 
0:ooO5 

Sex Differences 
Although we have done no statistical analyses for @rences betwm the sexes, scatterplats (e.g., 
Figure 3,4) clearly mdicate that the sexes did not differ in habitat selection in any mpaningfid way. 

What's next? 
Analyses.-'Ihe ne* level of analysis will be to examine interactions between veg&m structure and 
prey abundance, ushg data fiom the 54 pairs of plats where we sampled bath vegetation and prey. 
Although small sample s k  may preclude .*mg inferences from our data, sucb analyses may kggest 
directians for further mearch. 

Fieid Work.-Our methods have sufficient power to detect differences in both prey abundance and 
vegetatian structure betweerr Used and Contrast Plots. Given the answers already obtained, and the 
huge sample sizes that would be needed to detect additional differences during the breeding season, we 
see little to be gained fiom collecting more of the same data during the 1995 breedmg season. 

We now plan to  apply the same methods to investigate selection of habitat during winter (Dec-Feb). 
We are cu~~ently attempting to locate and repair 2 snowmobiles for a winter season. Our funding 
appears sufficimt for an 8-week field season, perhaps 10 weeks if snowmobile repairs are, minimal. 
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Figure 1. Correlation betwttn number of track stations visited by animals of a taxon during a d i d  period and 
number of individuals Of that taxon tram the next day on the same plot on 15 plots double-sampled in June 
1994. Nunbtrs in italics indicate number of plots 4th identical x-y coordinata. 
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I Figure 2. Plots used b goshawks Mrid in vegetative characteristics. (A) Distributions of tree diameters on 
individual Used Plots inchxkd denst doghair (uppw left), piedominated sites (lower Id?), and plots dominated by 
large trees wi& w i n g  numbers of smaller trea (lower center and lower right). Few stands resembled the m a n  
(upper right). (B) Although goshawks tended to use plots with higher stem densitv, 16% of Used Plots had ~ 2 5 0  
t r 4  ( ~ 1 0 0  trcedacre. divide by 2.5 to roughly mnwn). (C) Although goshawk tended to use plots with higher 
c m o p  closure. 30% Used Plots had canopy closures <JO%. and a few had ~ 2 0 %  closure, 
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Figurc 4. DBkrences between Used Plots and neartry paired Contrast Plots in abundance of avian prey (A) and 
diurnal sciurids (B). Each squart indicates the m a n  differencc (Used-Contrast) for one adult female (left., 11 9)  
or adult male (ngbt, 0 = 5 )  goshatvk. Squares a w e  the dashed zera line indicate that the mcatl d u e  for Used 
Plots execded the mean \due for Contrast Plots for that goshawk. Thc circle represents the grand main acfoss le 
goshawks. Iwlicized numben in the AberURtxk Squirrel plot indicate number of birds With a m a n  difference of 
m. 


